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Abstract 
This paper attempts to uncover an important area of quality engineering applied to a critical manufacturing process 
through Design of Experiments for the Optimization of Submerged Arc Welding Process. Design of Experiments 
(DOE) is a statistical tool, the USP (Universal samplaining Plan) of DOE is that it can establish a functional 
relation for a complex set of variables which otherwise cannot be related by any empirical formula. The Submerged 
Arc Welding process is selected because of the complex set of variables involved in the process as well as its 
significant applications in the manufacturing of critical equipments having a lot of economic and social 
implications. The main objectives of the study being the  identification of  main factors,viz. Current, wire feed rate, 
travel speed and stick out, there way of  affecting the welding bead parameters, influence of the interactions among 
the main factors and finally to determine the optimum settings of the main factors. The interactions will depict the 
level of confounded character of the major input process parameter i.e. the main factors, with respect to the 
significant yield parameters of the process.  
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1. Introduction 
Submerged arc welding (SAW) is a high quality, very high deposition rate welding process. It came into exisistance 
in the early 1930’s and its acceptance accelerated during World War II. Although the yearly consumption of 
Submerged Arc Welding electrode wire has increased, its percentage contribution amongst all the other welding 
processes is less than 10%. In joining plates of larger thickness SAW process is more useful due to its high 
deposition rate attribute.The SAW process is similar to MIG (metal inert gas) welding where the arc formation 
occurs between a continuously-fed wire electrode and the work piece and weld bead formation results from the 
melting of the work piece and the wire together. In Submerged Arc Welding process, on the other hand, a shielding 
gas requirement is replaced by the layer of flux that generates the gases and slag to protect the weld pool and hot 
weld metal from contamination and oxidation. Flux plays an additional role of slow cooling of the weld pool. The 
preference of submerged arc welding (SAW) process lies in its attribute to match the chemistry and physical 
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properties of the base material. This ability allows a multitude of possible weld-wire and flux combinations. These 
combinations can be easily sorted out and matched to specific applications. Submerged arc welding provides a purer 
and cleaner high volume weld with faster deposition rate compared to traditional welding methods. In the case of 
large volume requirement of welds, this process produces a more consistent and better quality weld. For products 
like rolls and hoist drums, this process is preferred due to the weld volume and it ability to accommodate variety of 
contours. The method also provides a better homogeneous joint that can be verified through x-ray. 
Nomenclature 
S Signal 
N  Noise 
P Penetration 
yi                  output parameters values at ith replication 
1.1. Experimental Procedure 
The experiments are conducted as per the requirements of L16 design matrix chosen randomly to avoid errors due to 
noise factors. Two plates of 400 mm X 75mm dimension  are given square butt joint over its uniform 6 mm 
thickness by giving weldment from either side if the plate. During the process the specimen components are firmly 
fixed to a base plate by means of tack welding and then the welding is carried out. The welding parameters are 
recorded during the welding process to observe their fluctuations, if any. The slag is removed after solidification is 
complete and the product is allowed to cool down. The specimen are cut at three sections by a hacksaw cutter and 
the average values of the weld bead penetration, reinforcement height and width are recorded using venire caliper of 
least count 0.02mm. 
Table-1Chosen Independent input factors of submerged arc welding process and their upper & lower limits 
S.N Factors Level (-) Level (+) 
1 Voltage (V) 20 20 
2 
Travel Speed 
(cm/min) 39 75 
3 Wire Feed(cm/min) 60 120 
4 Stick out(mm) 12 25 
5 Current(A) 200 400 
6 Electrode Dia(mm) 3.15 3.15 
7 Plate Thickness (mm) 6.5 6.5 
8 Flux height (mm) 30 30 
9 Flux composition Auto melt Gr II AWS/SFA 5.17 Auto melt Gr II AWS/SFA 5.17 
10 Electrode tilt(deg) 0 0 
11 Polarity electrode(+) electrode(+) 
12 External shield none none 
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1.2. Experimental Results 
Table-2: values output parameters of submerged arc welding process and signal to noise ratio 
Sl. No. Current 
(amps) 
Wire feed 
(Cm/min) 
Travel 
Speed 
(cm/min) 
Stick out 
(mm) 
P1 P2 S/N Ratio 
1 - - - - 3.44 3.36 10.63 
2 + - - - 3.46 3.54 10.88 
3 - + - - 4.04 3.96 12.04 
4 + + - - 4.66 4.74 13.44 
5 - - + - 3.16 3.24 10.10 
6 + - + - 3.28 3.2 10.21 
7 - + + - 3.26 3.34 10.37 
8 + + + - 3.56 3.48 10.93 
9 - - - + 3.64 3.56 11.12 
10 + - - + 3.82 3.9 11.73 
11 - + - + 3.76 3.84 11.59 
12 + + - + 4.16 4.24 12.46 
13 - - + + 3.04 2.96 9.54 
14 + - + + 3.24 3.16 10.10 
15 - + + + 3.86 3.94 11.82 
16 + + + + 4.04 3.96 12.04 
Hera, S/N = -10log10 {1/nȈ(1/yi)2} P1 = REPLICATION 1        P2 = REPLICATION 2 
1.3. Interaction effects. 
Fig: 1A-Interaction graph for output parameter penetration 
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Fig:1B-Interaction graph for output parameter penetration 
Fig: 1-Interaction graph for output parameter penetration 
1.3.1Interaction of current vs. wire feed: 
In the first case the interaction effect of the two major process control parameters are current and wire feed rate. 
They are investigated with reference to the yield parameter of penetration. The interaction values have been 
calculated which is 0.205[table 2] in this case. It signifies that there two parameters are comparative. The graph 
plotted in figure 1A, also clearly indicates that no interaction exists between the input factors current and wire feed 
rate for the output parameter penetration. Hence the additivity assumption of the model is justified. 
Similarly for all cases interaction values are near about zero i.e. there are no interaction effects between input 
parameters for the output parameters penetration, bead width and reinforcement height. This is why taguchi method 
has been applied for finding out signal to noise ratio calculation. Results are indicated in the table 2. A highest value 
of the signal to noise ratio represents the optimum setting condition for the best possible yield. In the present study 
thus provide the confounded parameters which are given in the table 2.  
Results and Discussion: 
The signal to noise ratio for all the sixteen trials with two replications are calculated from the empirical relation S/N = -10log10
{1/nȈ(1/yi)2} and is given in table 2.The best  combination pertains to its highest value i.e. 13.44 . 
Table-2: Cofounded Parameter Settings 
Voltage(V) 20 
Travel Speed(cm/min) 39 
Wire Feed(cm/min)     120 
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Stick out(mm) 12 
Current(A) 400 
Electrode Dia(mm) 3.15 
Plate Thickness(mm) 6.5 
Flux height(mm) 30 
Flux composition Auto melt Gr II AWS/SFA 5.17
Electrode tilt (deg) 0 
Polarity electrode(+) 
External shield none 
Conclusion: 
The submerged Arc Welded Process parameters are critically reviewed in this work using interaction approach of 
DOE, interaction values are obtained and found to be very close to zero. Thus it feels to conclude the input, output 
parameters conclusively. So taguchi additive model is used to bring out the optimum setting condition for best 
possible cofounded parameter settings through the empirical signal to noise ratio relation. The signal to noise ratio of 
13.44 is a high value that represents a very robust cofounded parameter setting which is likely to yield the best penetration effect.  
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